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英文缩写 英文全称 中文全称 
TP Total Phenolic 总酚 
ECT Extractable Condensed Tannins 可溶性缩合单宁 
PP Propelargonidin 原天竺葵定 
PC Procyanidin 原花青定 
PD Procyanidin gallate 原翠雀定 
C catechin 儿茶素 
EC epicatechin 表儿茶素 
GC gallocatechin 棓儿茶素 
EGC epigallocatechin 表棓儿茶素 
NMR Nuclear Magnetic Resonance 核磁共振 
MALDI-TOF 
MS 
Matrix-Assisted Laser Desorption/ 




HPLC High Performance Liquid 
Chromatography 
高效液相色谱 
ESI-MS Electrospray Ionization Mass 
Spectrometry 
电喷雾电离质谱 
L-Tyr L-Tyrosine L-酪氨酸 
L-DOPA Levodopa L-多巴 
Vc Vitamin C 维生素 C 
BHA Bottom Hole Assembly 丁基羟基茴香醚 
IC50  Half maximal Inhibitory 

































和 184.4±23.64 mg/g。采用 50%乙醇和 70%丙酮两种不同溶剂对缩合单宁进行
提取并对其结构、抑制酪氨酸酶活性、抗氧化活性进行研究，结果如下：经过 13C 
NMR、MALDI-TOF 质谱及反相 HPLC-ESI-MS 质谱联合对 50%乙醇提取和 70%
丙酮提取缩合单宁的纯化物进行结构分析，发现两者在结构上，如基本结构单元、
聚合度没有存在较大的差异，均含有原天竺葵定（propelargonidin, PP）、原花青
素（procyanidin, PC）和原翠雀定（procyanidin gallate, PD）。聚合度能够检测到
十聚体，且存在的缩合单宁多为 B 型连接。 
    通过测定人心果叶缩合单宁对酪氨酸酶单酚酶和双酚酶的活力发现其对酪
氨酸酶活性具有着强烈的抑制作用。对单酚酶的抑制作用表现在迟滞时间的延长
和稳态活力的下降。当 70%丙酮提取缩合单宁纯化物到 60 g/mL 时酪氨酸酶单
酚酶迟滞时间从 123.4s 延长到了 395.4s，稳态活力则从 100%下降到了 60.9%；
而对于 50%乙醇提取缩合单宁纯化物而言到 60 g/mL 时迟滞时间从 95.4s 延长
到 331.0s，稳态活力则从 100%下降到 42.6%。而二者对于双酚酶也表现出了强
烈的抑制效果 IC50 分别为 20.97 g/mL 和 13.35 g/mL。 
    进一步对人心果叶缩合单宁进行抗氧化活性的测定，同样显示出了较强的自
由基清除活性，且优于或相当于 Vc 的自由基清除能力。70%丙酮提取缩合单宁
纯化物对 DPPH、 ABTS 自由基清除 IC50 为 80.24±0.73 g/mL、149.93±3.97 
g/mL，FRAP 的 Vc 当量为 2.60±0.13 mmol AAE/g；50%乙醇提取缩合单宁纯
化物对DPPH、 ABTS自由基清除 IC50为 73.23±0.70 g/mL、84.90±2.84 g/mL，

















    Manilkara zapota van Royen, the fruit of which is full of nutriments, is a kind of 
evergreen tree. Manilkara zapota has long been used as medicine, such as astringent. 
It was determined that the leaf of Manilkara zapota contained a mount of TP and ECT, 
they are measured to be 333.4±7.10 mg/g and 184.4±23.64 mg/g. 50% ethanol and 
70% actone were used to extract condensed tannins from the leaf of manilkara zapota. 
And the structures, antityrosinase activities and antioxidant activities were further 
identified. The results are as follows: 
    The structures of the condensed tannins isolated from the leaf of manilkara 
zapota have been investigated with 13C nuclear magnetic resonance (13C NMR) and 
high performance liquid chromatography electrospray ionization mass spectrometry 
(HPLC-ESI-MS) coupled with thiolysis and matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analyses. 
The results showed that the condensed tannins isolated by 50% ethanol and 70% 
actone had little of different in the monomer units and degree of polymerization, and 
they all contained propelargonidin (PP) and procyanidin (PC). The polymer chain 
lengths of the condensed tannins were detected to be trimers to hexadecamer. B-type 
linkages were present in all these compounds. 
    The inhibitory mechanism of condensed tannins from the manilkara zapota on 
monophenolase and o-diphenolase activity of tyrosinase has been studied. The results 
showed that the steady-state rate of monophenolase has been decreased and the lag 
time has been lengthened with the increase of concentration of condensed tannins. 
When the concentration of the condensed tannins extracted by 70% actone came to be 
60 g/mL, the steady-state rate of monophenolase has been decreased 39.1%, and the 
lag time has been extended from 123.4s to 395.4s. To the condensed tannins extracted 
by 50% ethanol, when the concentration came to be 60 g/mL, the steady-state rate of 
monophenolase has been decreased 57.4%, and the lag time has been extended from 
95.4s to 331.0s. The inhibition on o-diphenolase activity can be obviously observed. 















is estimated to be 20.97 g/mL and 13.35 g/mL to 70% actone extracted condensed 
tannins and 50% ethanol extracted condensed tannins, respectively. 
    The anoxidant activities of the condensed tannins extracted by 70% actone and 
50% ethanol from the leaf of manilkara zapota were further investigated by the DPPH, 
FRAP, and ABTS methods. The value of IC50 to DPPH method were 80.24±0.73 
g/mL, 73.23±0.70 g/mL; IC50 of ABTS method were 149.93±3.97 g/mL and 
84.90±2.84 g/mL; The results of FRAP method were 2.60±0.13 mmol AAE/g and 
3.24±0.41 mmol AAE/g. 
Key words: Manilkara zapota van Royen leaves; condensed tannins; structure 
















1.1 人心果（Manilkara zapota van Royen） 






















图 1. 人心果叶、果实和植株 




























基本结构单元为黄烷-3-醇，通过 4 →8或4 →6 C-C 键连接形成寡聚或多聚物


















































图 2. 水解单宁基本结构及结构单元 
Fig 2. The structure and monomer units of hydrosable tannins 
 
 
图 3. 缩合单宁基本结构及结构单元（Zhou 等，2011） 
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